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High throughput proteomic profiling of human plasma is immensely challenging due to the 

extraordinary complexity and broad dynamic range of plasma protein concentrations. Mass 

spectrometry (MS) is unmatched for its ability to provide unambiguous identification of 

specific peptides, though its application to plasma proteomics at the population level remains 

prohibitive due to slow throughput and inability to quantify low abundant proteins without 

extensive upfront sample separation. Enzyme-linked immunosorbent assay (ELISA)-based 

approaches in turn have been limited by the unavailability of well-credentialed antibodies for 

most blood proteins and by issues with cross-reactivity, which significantly hampers the 

ability to multiplex antibodies for higher throughput analyses.

To address these challenges, emerging proteomics technologies have integrated new types of 

affinity reagents to bind proteins. Single-stranded DNA aptamers are one such technology 

that has been recently leveraged for large scale, human plasma profiling1, 2. These short 

nucleotide segments (“aptamers”) fold into complex structures that bind protein targets 

through shape and charge complementarity with high affinity and specificity. Vast libraries 

that contain every possible sequence of these nucleotide segments can be randomly 

synthesized (typically containing ~1014-1015 unique molecules) and exposed to a 

recombinant protein of interest. Through an iterative selection process, the aptamer with the 

best binding/capture properties can be selected and then amplified and tested for cross-

reactivity, stability, and target binding properties.

In the assay, aptamers can be highly multiplexed to serve as “pull down” reagents for several 

thousand protein targets at a time from complex samples (blood, cerebrospinal fluid, tissue 

homogenate, etc.). Following a series of wash steps, each aptamer can then be released from 

its bound protein target, allowed to hybridize to a complementary sequence on a microarray 

DNA chip, and quantified by fluorescence. Thus, this technology efficiently translates 

protein concentrations to DNA concentrations, which can be measured using widely 
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available molecular genetics approaches. Currently, DNA aptamers can quantify the levels of 

about 5,000 different target proteins.

With this technology now viable, the current crucial challenge in the field is to develop 

approaches to validate the specificity and selectivity of each of these new reagents. 

Complementary approaches – leveraging “orthogonal” techniques including mass 

spectrometry, functional genomics, and alternative affinity-based approaches—can all be 

used to systematically validate currently available aptamer reagents.

In one such MS-based approach, for example, individual aptamers can be immobilized on 

beads, incubated with a study sample, and then selectively eluted for analysis by liquid 

chromatography (LC)-MS/MS. This not only allows for the determination of the limit of 

detection and limit of quantification of each aptamer of interest, but also provides important 

information in regard to the analytic specificity of the aptamer.

The application of high-throughput protein affinity reagents to thousands of human samples 

also affords new ways to leverage available genetic information to explore aptamer 

specificity. Genetic association studies can be conducted on circulating levels of each 

aptamer-measured protein. Detection of a genetic variant located within the gene that 

encodes the measured protein provides strong, “orthogonal” evidence that the aptamer is 

capturing its intended protein target, resulting in a valid quantitative assay. For example, we 

and others have demonstrated that a single nucleotide polymorphism (“SNP”, rs41271951) 

located within the cathepsin S gene is significantly associated with plasma levels of aptamer-

measured cathepsin S protein—a cysteine protease involved in atherogenesis3, 4. This 

provides strong supporting evidence that the cathepsin S aptamer is indeed binding its 

intended cathepsin S target protein. Further, these protein-SNP data can provide useful 

biological insight. For example, in addition to the rs41271951 SNP that is predicted to result 

in a missense substitution within the well-studied signal peptide responsible for cathepsin S 

secretion efficiency, additional associated SNPs point toward novel regulatory mechanisms 

of circulating cathepsin S levels in plasma.

Emerging technologies are also beginning to allow for multiplexed antibody-based assays to 

be used to validate aptamer reagents in a systematic fashion. For example, oligonucleotide-

labelled antibodies have recently been incorporated into a novel, commercially available 

platform (Olink) that can be used to quantify levels of over a thousand human proteins. As 

there is approximately a 50% overlap between protein targets that are included on this 

platform and the SOMAscan DNA aptamer-based platform, investigators can now 

systematically compare these complementary approaches.

It is important to highlight that there are significant ongoing efforts to study and improve the 

specificity properties of novel affinity reagents, themselves. Specific chemical side chains 

can be added to DNA aptamers, for example, in order to generate reagents with very slow 

off-rates that can withstand vigorous wash steps and thus reduce non-specific binding. The 

inclusion of polyanionic competitor reagents during these wash steps (aptamers are also 

polyanions) further reduces binding of non-specific proteins to these reagents. 

Oligonucleotide-labelled antibody reagents require pairwise binding of two probes in order 
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to improve specificity. Leveraging these approaches, these affinity-based platforms can now 

discriminate between highly homologous proteoforms.

Despite these ongoing efforts, some investigators have recently suggested that emerging 

affinity reagents for high throughput proteomics are not valuable until specificity and 

additional performance characteristics match that of clinical assays. Such a demand on 

performance ignores the value-add of these reagents to high throughput discovery, which, if 

desired, can be confirmed with targeted approaches, as detailed above. The challenges facing 

new affinity proteomic tools are reminiscent of criticisms in the early GWAS era – when 

initial SNP arrays pointed only to loci of interest and clearly did not perform with CLIA-

ready clinical performance standards. These obstacles were overcome through advances in 

probe design, quality control procedures, experimental and statistical methods, and 

orthogonal validation. Consequently, early skepticism of this technology has been replaced 

by recognition of its potential to inform disease biology.

These advances have allowed for significantly improved accessibility to proteomic profiling 

studies across a variety of experimental applications in large human cohorts. For example, 

investigators have recently applied the aptamer platform to nearly 2000 individuals across 

two large cohorts of patients with coronary heart disease to identify a signature of nine 

plasma proteins associated with subsequent CVD risk2. Application of the same platform to 

nearly five hundred baseline plasma samples from participants of the ILLUMINATE trial 

recently identified a similar protein signal that predicted harm from the cholesterol ester 

transfer protein inhibitor torcetrapib5. While these clinical applications provide important 

proof of concept for real world clinical applications, validation in heterogeneous cohorts as 

well as assessment of how much this information adds to clinical findings are ongoing. 

Perhaps the most promising applications of these high throughput technologies relate to 

fundamental biology. By integrating proteomics and genomics, for example, investigators 

have begun to identify the genetic architecture of plasma proteins and to uncover “master 

regulators” of the circulating proteome and disease-associated effectors leveraging 

Mendelian randomization strategies 3, 4.

In sum, aptamers and oligonucleotide-labelled antibodies have opened the door to large-

scale human proteomic profiling—with reproducibility and precision analogous to every 

molecular discovery tool. In parallel, continued appreciation for a multidisciplinary, 

collaborative approach, including public sharing of data, has contributed to remarkable 

progress to date with the next central challenge in the field focused on developing systematic 

methods to evaluate and improve the technical sensitivity and selectivity of individual 

reagents. With great promise yet clear recognition of affinity-based proteomics limitations 

and ongoing efforts to address them, we suggest a previously used guiding principle: “Trust, 

but verify…”
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